this time, they were dispersed for irradiation. These cultures contained a mixture of transformed and nontransformed cells. With the exception of the newly transformed cells, all the cells tested were in the exponential growth phase at the time of irradiation.
Irradiation Procedures
Immediately prior to irradiation, the cells were dispersed by treatment with 0.1 % trypsin solution, washed in PBS, and suspended in CMRL 1066 medium at a concentration of either 4 X 106 cells/ml or 4 X 105 cells/ml. The cell suspensions were cooled to 4?C and irradiated in 12-ml polyethylene dilution tubes (Falcon Plastics, Los Angeles) held perpendicular to the radiation beam in a plastic tube holder. Irradiations were carried out in a dual-source Cs137 irradiator (14) at a dose rate of 112 rads/min as determined with the ferrous ammonium sulfate dosimeter (15) . During the irradiations, the cells were shaken when individual tubes were removed sequentially, and little or no clumping of the cells occurred. The time required for removal of each tube prior to continuing the irradiation was approximately 1 minute. After irradiation, the cells were diluted immediately in CMRL 1066 and tested for survival of colony-forming ability.
Cells of the transformed lines were irradiated at 4 X 105 cells/ml. Survival of the f12 long-term focal line was tested in vivo by means of the lung colony assay, as well as in vitro by means of the colony assay. For this reason, since higher concentrations of cells were required, the f12 line was also irradiated at 4 X 106 cells/ml. When irradiated at these two cell concentrations and tested for survival of colonyforming ability in vitro, the f12 line was found to have the same radiosensitivity, which indicates that the use of these two different cell concentrations did not influence the results obtained. Further, no change in sensitivity of the f12 line was seen when O2 was bubbled through the cell suspension (4 X 105 cells/ml) immediately before irradiation. These preliminary findings indicated that oxygen depletion had no influence on the results obtained for cells irradiated at the higher cell concentrations. Cells in newly infected cultures were irradiated at a concentration of 4 X 106 cells/ml, since large numbers of cells were required in vitro in the focus assay (see below) and in vivo in the lung assay. In the present experiments, normal rat embryo cells were also irradiated at 4 X 106 cells/ml.
Determination of Colony-Forming Ability in Vitro
After irradiation of transformed or normal cells, an appropriate number of cells was seeded onto 60-mm plastic petri dishes containing 105 heavily irradiated rat embryo feeder cells in growth medium (16) . The cultures were incubated at 37?C for 7 to 9 days, after which time they were stained with methylene blue (1 gm/liter) and the number of colonies was determined.
In experiments utilizing freshly infected cells, two different assay procedures were used. In the first, discrete colonies were obtained as described above, and differential counts of colonies with normal and transformed morphologies were made (17). In the second assay procedure, the cells were seeded, with 105 feeder cells, in assay medium (see above). After 10 to 12 days of incubation, the cultures were stained with methylene blue, and foci of transformed cells were scored, as described elsewhere (8) .
In assessing the survival of the most heavily irradiated samples by means of the focus assay, 8 X 105 cells were seeded to each dish. Since this was greater than the number of irradiated feeder cells per dish (105) usually used in the focus assay, a test was made of the effect of increasing the number of feeder cells from 105 to 8 X 105 cells per dish, on the number of foci formed. It was found that the reduction in the efficiency of focus formation due to the presence of the increased number of irradiated feeder cells was no more than 10 % and thus was of negligible importance in these experiments.
Determination of Colony-Forming Ability in Vivo
After irradiation, suitable numbers of cells in 0.5 ml of CMRL 1066 medium were injected intravenously into the lateral tail veins of weanling rats of the Buffalo inbred strain (obtained from Microbiological Associates, Bethesda, Maryland). Prior to injection of the cells, the animals were irradiated with 350 rads of total-body irradiation, from the same Cs137 dual-source irradiator used for irradiation of the cell suspensions. This dose of radiation was given in order to minimize the effects of any histocompatability differences which might have existed between the recipient animals and the transplanted cells (10). On the eighteenth day after injection of cells, the lungs were removed from the recipient animals and fixed in Bouin's solution. Counts of the number of colonies seen on the entire surface of each lobe of the lungs were made under twofold magnification. This assay procedure has been described in detail elsewhere (9, 10).
Survival Curves
Survival curves, showing the proportion of cells retaining colony-forming ability after various doses of irradiation, were obtained for each cell line. These survival curves, with one exception (the in vivo curve of Fig. 4) , were measured to levels of survival of at least 10-3 of the control value. The survival curves obtained were of the usual type C form (see Fig. 1 ) and were characterized by two parameters-Do, the dose required to reduce the surviving fraction by 63 % on the exponential portion of the curve, and n, the extrapolation number, obtained by extrapolating the exponential portion of the curve back to zero dose on the semilogarithmic plot and reading off the fractional survival (18). The exponential portions of the curves were fitted to the experimental points by the method of least squares.
Growth Rates of Cells in Vitro
The growth rates of cells in vitro were determined as follows: Replicate cultures were prepared by adding a known number of cells to 60-mm plastic petri dishes containing growth medium. At intervals thereafter, two replicate cultures were taken, the cells were suspended by trypsin treatment, and the cell concentration in each suspension was determined from hemocytometer counts.
Chromosome Numbers
The ploidy of the cells of the various lines used was determined by counting the numbers of chromosomes present in cells prepared according to the method of Fox and Zeiss (19) . Scoring of the preparations was limited to estimation of the proportion of near-diploid and near-tetraploid cells in the cell populations. Karyotypes for the different lines were not accurately characterized.
RESULTS

Radiosensitivity of Normal Rat Embryo Cells and of Cells of a Number of Long-Term Transformed Lines
To test for possible differences in radiosensitivity between normal rat embryo cells and transformed cells, the radiation survival curves for normal (freshly iso- Table I ).
The survival curves obtained for the f12 long-term transformed focal line, assayed both in vitro and in vivo, are given in Fig. 2 . The Do value for cells assayed in vitro, 273 -+ 13 rads, does not differ significantly from that obtained for the same cells assayed in vivo, 259 4 33 rads. However, both values are again significantly greater than that obtained for normal, noninfected rat embryo cells, 179 + 13 rads (Fig. 1) . The extrapolation number for cells assayed in vivo was smaller than the value obtained in vitro.
The survival curve parameters obtained for these cells and for the other cell lines tested are summarized in Table I. In the table, obtained previously for normal, noninfected rat embryo cells (Fig. 1) . Again, the extrapolation number was less for the cells assayed in vivo.
These results, together with the results obtained for the cells of three short-term transformed lines, E2, E3, and E4, which had been in culture for not more than 7 weeks, are summarized in Table II Fig. 1.  b From Fig. 3. c From Fig. 4 . term transformed cell lines all had higher plating efficiencies and more rapid growth rates than normal rat embryo cells. In addition, all were tetraploid or hypertetraploid, except the f22 line, which was diploid. Therefore, in attempting to correlate malignancy with radiosensitivity, one must also consider these other properties, since it is possible that they influenced radiosensitivity in some consistent way. A number of properties were examined for the cells whose radiosensitivity was tested. These were as follows: lung colony-forming efficiency, growth rate in vitro (doubling time of cultures), approximate cell ploidy, and plating efficiency in vitro. The parameters relating to these cell properties are listed in Table III , along with the Do values from the experiments previously discussed. It can be seen that there was no consistent relationship between radiosensitivity (as measured by the Do value) and doubling time, plating efficiency in vitro, or ploidy. There was, however, some correlation between radiosensitivity and degree of malignancy, in terms of lung colony-forming efficiency, though even here the correlation was not good. In general, as can be seen in Table III, It should be noted that the proportion of the cell population which was observed to form colonies was very different in vitro and in vivo. The plating efficiencies in vitro for the cell lines used in this study were 15 or better, while the efficiencies of formation of lung colonies in vivo by these same lines did not exceed 4 %, and were usually much lower (Table IV) . The small subpopulation which was capable of forming lung colonies in vivo may not have been part of the subpopulation capable of colony-formation in vitro, nor were either of these subpopulations necessarily representative of the cell population as a whole. For this reason, the observation that the Do values were similar for the two subpopulations does not provide conclusive proof that the total cell population responds similarly to irradiation in vivo and in vitro. Such proof could be obtained only if conditions could be found such that all the cells were capable of colony formation both in vitro and in vivo. In spite of this limitation on the present system, the studies described in this paper indicate that the transformed rat embryo cell system provides a useful means for the investigation of the effects of ionizing radiations, or of other cytotoxic agents, on the proliferation of normal and malignant cells, both in vitro and in vivo. 
